OPMA 403 L20 Group 7 Assignment #2

Assignment #2
Due Date: Thursday, June 3, 2010 by 12 noon

(in Scurfield Hall, OPMA 403 drop-off box #20)

Instructor: Janice B. Eliasson
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OPMA403 Spring 2010
Assignment #2 Question 1 (20 marks)

X double bar (from question) =  100.10 A, = 0.58
R-bar (from question) = 5.60 Ds;= 0.00
D,= 2.11
Sample # Observation
#1 #2 #3 #4 #5 Mean Range
1 100.8 98.5 98.2 96.2 99.1 98.56 4.60
2 104.3 102.4 | 106.8 | 103.6 | 96.8 | 102.78 10.00
3 99.2 101.2 99.5 99.4 ] 103.4| 100.54 4.20
4 101.4 100.2 96.7 | 99.3 | 97.1 98.94 4.70
5 98 102.9 99.8 | 100.5] 97.8 99.80 5.10
6 102.5 96.2 101.8 | 101.2 | 99.5 | 100.24 6.30
7 94.3 96.9 101.3 | 99.9 94.1 97.30 7.20
8 99.5 92.8 100.2 | 97.3 | 96.4 97.24 7.40
9 102.6 99.7 101 102.1 | 103.4 | 101.76 3.70
10 98.3 100.7 96.2 | 101.6 | 100.9 99.54 5.40
X-Chart Control Limits: R-Chart Control Limits:
UCL, = X+ AR UCLg = D, * R-bar
UCL,= 103.35 UCLg = 11.82
LCL, = X - A,R LCLg = D3* R-bar
LCL, = 96.85 LCLg= 0.00
X-Chart
105.00
— 104.00 _
E 103.00 A UCLx= 103.35
@ 102.00
E 101.00 /O VN
3 10000 ==/ = = N —— —_—— = = = A =S = - CL=100.10
> / 3
99.00 r ¢ . o
98.00 - 2 points close to LCL
97.00 — =
96.00 LCLx= 96.85
95.00
1 2 3 4 5 6 7 8 9 10
Sample

Concern about two consecutive points very close to LCL (samples 7,8). Although the X-chart is in control
as all points are between the control limits, the two points close to the LCL require investigation.

R-Chart
ﬁjgg UCLg=11.82
gggg //A\\ // 7 >| Upward trend over 6 points
R e e — = | L= 560
2.00 o 0 = 00000 N\, = T
L —
5.00 LCLg=0.00
1 2 3 4 5 6 7 8 9 10
Sample

Concern about increasing trend from sample 3 to sample 8. The R-chart is in control
since all points are between control limits, but the trend requires investigation.



OPMA 403 L20 Group 7 Assignment #2

OPMA403 Spring 2010

Assighment #2 Question 2

"

QuUALITEAM

Q.2 X&R Charts - OOC (15 marks)
n= 11 m = 25
Az = 0.29 D3 = 0.26 D, = 1.74
Subgroup # X R Subgroup X R Subgroup X R
# #
1 12.33 0.31] 10 12.37 0.40] 19 12.45 0.38
2 12.38 0.57] 11 12.41 0.55] 20 12.46 0.44
3 12.37 0.37] 12 12.37 0.37] 21 12.33 0.52
4 12.33 0.43] 13 12.16 0.51] 22 12.40 0.44
5 12.97 0.93] 14 12.44 0.38] 23 12.42 0.48
6 12.32 0.32] 15 12.36 0.34] 24 12.53 0.84
7 12.45 0.35] 16 12.39 0.35] 25 12.36 0.38
8 12.44 0.31] 17 12.44 0.31
9 12.41 0.35] 18 12.38 0.38]Total 310.27] 11.01
< 25 1241 mm
m
_ 2R
R=2 0.44 mm
m
UCLx: X+AR 1254 mm UCLg: D,R 0.77 mm
LCLy: X-AR 1228 mm LCL, ~ D;R 0.11 mm

0o0cC points: 5, 13, and 24 (highlighted above; bold points are OOC)

Revised
m —
_ 22X
X =37 12.39 mm
m
m
_ 2R
R=1% 0.40 mm
m
UCLy: X+AR 1251 mm UCLg: D,R 0.69 mm
LCLy: X-AR 12.28 mm LCLg ~ D;R 0.10 mm

The process can now be monitored for control because all of the remaining points fall
within the control limits.
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UCLp = p_mean + (3)*p_std_dev

UCLp = 0.0527

250
Regular Shift | #drills that are 2nd Shift # drills that are Prob.
Sample defective Sample defective (of 250)
1 4 1 5 2.00%
2 6 2 4 1.60%
3 6 3 8 3.20%
4 8 4 4 1.60%
5 6 5 12 4.80%
6 8 6 1 0.40%
7 6 7 8 3.20%
8 6 8 9 3.60%
9 5 9 7 2.80%
10 6 10 5 2.00%
11 5 11 2 0.80%
12 8 12 4 1.60%
13 5 13 3 1.20%
14 4 14 3 1.20%
15 5 15 7 2.80%
16 5 16 4 1.60%
17 6 17 10 4.00%
18 9 18 5 2.00%
19 6 19 7 2.80%
20 4 20 5 2.00%
21 7 21 9 3.60%
125
p-value: # defective = 0.0238
nm =
1/2
Std Dev: 1- — 0.0096
n
Control Limits
LCLp = p+ 3S, UCLp=p-3S,
LCLp = =p_mean - 3 *p_std_dev
LCLp = 0.00 UCLp = 0.0527
(Since LCL cannot be negative)
0.10 1 p-chart for Proportion of Power Drills Defective on
Second Shift
0.08
Erratic Behaviour
0.06 [<
0.04 /\ | Run of 5 points below central line.

| &

CLp =0.0238

Power Drills- proportion defective

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21

2nd Shift Sample

Concern about erratic behaviour between samples 5 and 6 (two consecutive points close to the
control limits) as well as 5 consecutive points below the CL (samples 10-14). The process is in
control, since no points are outside of the control limits, but the company should investigate in

order to find assignable cause.
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Serial |Count of Serial |Count of
Number |Defects Number |Defects
301 4 315 2
302 3 316 3
303 10 317 2
304 4 318 11
305 2 319 3
306 3 320 2
307 4 321 4
308 1 322 3
309 3 323 5
310 14 324 3
311 2 325 9
312 2 326 3
313 4
314 5 Total 111
m= 26 >c = 111
Establishing Limits
c_% 111 43 UCLc: ¢y43c =105
m 26
LCLe: - 3\/3 = 0.0 (since LCL cannot be negative)

OOC are 310, 318 (highlighted in RED)
Revised Limits 1
o X _11114-11=36 UCLc: ct3/e =
m 26-2
LCLC: 6_ 3\/3 =
OOC is 303 (highlighted in ORANGE)
Revised Limits 2

c_%c_8-10_ 33 UCLc ¢43Vc =
m 24-1
LCLC: 6_3\/3 =
OO0C is 325 (highlighted in PURPLE)
Revised Limits 3

c_Zc_76-9_ 30 UCLe: ¢i3/c =
m 23-1

LCLC: E _3\/3 =

9.3

0.0

8.8

0.0

8.3

0.0

(since LCL cannot be negative)

(since LCL cannot be negative)

(since LCL cannot be negative)

The process can now be monitored for control because all of the remaining points fall

within the control limits.
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Sc= 119

0.00 (Since LCL cannot be negative)

0.00 (Since LCL cannot be negative)

Sample | Defects | Sample | Defects
1 5 10 1
2 24 11 8
3 2 12 7
4 5 13 6
5 8 14 2
6 8 15 6
7 11 16 8
8 8 17 5
9 5 Total 119
n= 12 m= 17
0o Zc 119
nm 12(17)
UCLU: u+3.— 1.24
n
LCL — u
; u-— 3\/E
n
MAX =UCL *n = 14.9
MIN=LCL *n = 0.0
OOC sample is #2
u= xc - 119 — 24 = 0.49
nm 12(16)
n
LCL — u
u _3 u
n
MAX =UCL *n = 13.2
MIN=LCL *n = 0.0
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The process can now be monitored for control because all of the remaining points fall within

the control limits.
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6.

USL—LSL _ 31.2—28.7 _ 25
= =%2_-0.83
60 6(0.50)

a. Cp =

The calculated value for C, = 0.83 is below both the industry standard (Cping = 1.33) and the
minimum value required for the process to be considered capable (Cp ,i» = 1.00). This indicates
that the manufacturer is scrapping/wasting parts and spending money on rework. As a result,
the process is not considered capable.

USL-X _ 31.2-299 _

b. Z(USL) = =26
X—LSL 29.9-28.7
Z(LSL) = = om0 =
__Z(min) _ 2.4 _
Cor = =5 == =1080

Since Cp * Cpk, the process cannot be considered to be centered.

c. Since the oil seals are reworked if they are above the USL (ie. when they are too large) and are
scrapped if they are below the LSL (ie. when they are too small), this operation is a piece
operation.

Figure 1. Distribution of Qil Seal Size with Upper and Lower Specification Limits
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LSL=28.7 mm UsSL=31.2 mm
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0.3 4

0.2 1

Reworked
(= UsL)
p=047%

0.1 4

Adapted from http://vertex42 com/ExcelArticles/mc/Normal Distribution-Excel.html|
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e.

Percentage reworked (ie. percentage above USL):

Z(USL) = USL—u _ 31.;;(2)9.9 —926

p(Z < 2.6) = 0.9953
p(Z>26)=1—-p(Z<26)=1-0.9953 =0.0047 = 0.47%
Therefore, 0.47% of all produced oil seals are reworked.

Percentage scrapped (ie. percentage below LSL):

Z(LSL)y ="=E =TT = 9y

p(Z <-24)=p(Z>24)

p(Z <24)= 09918
p(Z>24)=p(Z<-24)=1-p(Z<24)=1-0.9918 =0.0082 = 0.82%
Therefore, 0.82% of all produced oil seals are scrapped.
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